Thermodynamic predicting analysis of Si-based binary systems -Ti-Si, and Al-Si, are 
Introduction
Titanium-based alloys are potentially useful materials for application in the aerospace industry, due to their high oxidation resistance, low density and high melting point [1] . Silicon is an important alloying additive to titanium alloys and contributes useful dispersion strengthening and improves microstructure stability.
Some of Ti-based systems were studied thermodynamically using FactSage [2] [3] [4] [5] , while in the studies of Gros, Ansara and Allibert [6] , and Lee, Soh, Lee and Kim [7] , CALPHAD methods have been used in phase equilibria predicting of Ti-alloys.
Iwata, Matsumiya, Sawada and Kawakami [8] predicted thermodynamic properties, including activity coefficients and the interaction parameters of the solute elements in infinite dilute Si solutions, by the use of first-principles calculations based on density functional theory.
Palacio and Arranz [9] analyzed the formation of the Si/Ti interface during the deposition of silicon on titanium polycrystalline substrates, which has been studied at room temperature using X-ray photoelectron spectroscopy, angle-resolved XPS, ultraviolet photoelectron spectroscopy and ion scattering spectroscopy.
Bulanova, Tretyachenko, Golovkova and Meleshevich [10] studied phase equilibria in the alpha-Ti-Al-Si region of the ternary Ti-Al-Si system using differential thermal analysis, X-ray diffraction, methalography and microprobe analysis.
The microstructure and electrical properties of the contacts, formed in the Ti-Al-Si system due to rapid thermal processing at temperatures between 300 and 800 °C, were studied extensively by Komem and Katz [11] .
Nevertheless, thermodynamic study of the Ti-Al-Si system has not been completely reported in literature. The main reasons are experimental difficulties, especially the high investigation temperatures required. Having a mind such problems, it is anticipated that most of the thermodynamic data of ternary and multi-component systems will come from theoretical calculations rather than from direct experimentation. Therefore, thermodynamic study of liquid Ti-Si and Al-Si binary systems is presented in this paper.
Results and discussion
The results of thermodynamic analysis and predicting in binaries Ti-Si and Al-Si were obtained using FactSage [12] thermo-chemical software and databases. FactSage was introduced in 2001 and it presents the fusion of the FACT-Win/F*A*C*T and ChemSage/SOLGASMIX thermo-chemical packages that were founded over 25 years ago.
Activities of the components in the investigated binaries at three different temperatures -2000K, 2400K and 2473K, are shown in Figs. 1 and 2 , respectively. Partial and integral Gibbs energies of mixing and excess energies for the each investigated binary systems at three different temperatures are given in Tables 1 and 2 .
Strong negative deviation from ideal behaviour can be noticed for liquid TiSi binary alloys, while relatively negative deviation is typical for Al-Si liquid alloys. Considering calculated integral thermodynamic properties, all constitutive binary systems show negative values for integral Gibbs energy of mixing and integral excess Gibbs energy. There are no thermodynamic data on activities of the components in both binary systems Ti-Si and Al-Si at investigated temperatures, so there is no possibility for comparison between experimental and calculated data. 
. Phase diagram of Al-Si system
There is a good agreement between calculated Ti-Si and Al-Si phase diagrams and literature data from Refs. [13, 14] and [15] , respectively.
Conclusions
The thermodynamic properties of binary systems Ti-Si and Al-Si at 2000K, 2400K and 2473K were calculated using the FactSage thermo-chemical software and databases. Investigated binary systems have negative values for integral excess Gibbs energy and the activity values of the components show negative deviation from the Raoult's law.
Providing in mind that no experimental data for Ti-Al-Si-based system have been done or reported, obtained results presented one good base for the further thermodynamic analysis in these ternary system and multi-component systems based on the investigated binaries. Obtained thermodynamic data may be useful as a comparison with some future critical experimental results and for the further thermodynamic optimization of this system.
